(MC) dose calculation methods are considered the gold standard for most dosimetric geometries in radiation therapy. However, many authors 1-2 have used general purpose Monte Carlo codes for dose calculations and have reported discrepancies between measurements and calculations in the buildup region, for depths less than the depth d max at which the dose peaks. In this region, the dose gradient is high and assumptions of charge particle equilibrium are invalid. To best of our knowledge, MCNP5 has not been tested for this purpose. MCNP5 has enhanced electron transport as compared to its older versions.
MCNP5 was used to model 6 and 18 MV photon beams for a Varian accelerator using vendor geometry with primary collimator corrections proposed by Chibani and Ma. The MC calculations were benchmarked for depths beyond d max to cylindrical ion chamber (0.125 cm 3 sensitive volume) PDD and dose profile measurements for 5×5, 10×10 and 30×30 cm 2 field sizes. Cylindrical ion chambers with large volume overestimate the dose in the buildup region. Extrapolation chambers are considered the gold standard for dose measurements in the buildup region but they are cumbersome to use and are not widely available in clinical settings. In this study, a plane parallel ion chamber (with 0.055 cm 3 sensitive volume) was used to measure PDD at 0, 2 and 4 mm depths. The over-response of the plane parallel ion chamber was corrected using the method proposed by Gerbi and Khan 3 .
To benchmark the modeling, three sensitive parameters (mean incident electron energy, Gaussian width of the energy spectrum, and the incident electron beam radius) of the incident electron beam were considered as fitting parameters in the simulation. These parameters were adjusted until the percent depth dose calculations beyond d max and dose profile calculations in flat (umbra) region at two depths (d max and 10 cm) matched with the cylindrical ionization chamber measurements within 2% for all three field sizes. For comparison in the buildup region, the calculation voxel of MCNP5 was reduced to 1 mm thickness. MCNP5 computations in the buildup region were extrapolated to obtain the surface dose.
The optimal primary electron beam parameters were found to be monoenergetic spectra with energies of 6.2 and 18.2 MeV and uniform radii of 0.13 and 0.2 cm respectively. These parameters differed from the optimal parameters reported by Chibani et al., 4 indicating that the beam parameters may be machine specific even if used for the same model from the same vendor. Comparisons of plane parallel chamber measured PDDs and MCNP5 calculations in the buildup region are presented in tables 1, 2 and 3. In the buildup region, the MCNP5 calculations agree with plane parallel PDD measurements within 3% at 2 and 4 mm depths. The extrapolation of the MCNP5 PDD overestimates the surface dose for the 18 MV beam for the 30×30 cm 2 field, and is within 4.2% for the smaller fields and for all field sizes at 6 MV. Improved extrapolation techniques may yield better surface dose agreement. 10.6 ± 0.5 11.0± 1.5 3.6 6.9 ± 0.5 7.2 ± 0. 
